To determine the reproducibility of the first phase insulin response to intravenous glucose, ten normal subjects underwent two intravenous glucose tolerance tests separated by at least two weeks. Intravenous dextrose (0.3 g/kg) was administered over 2 min by continuous infusion and arterialised-venous samples were taken from a retrogradely cannulated hand vein in the opposite arm. Within subjects, median coefficient of variation for the 3 min insulin was 4.0% (range 1.2-24.3%) and median coefficient of variation for the 0-10 min area was 6.7% (range 1.7-18.8%). These coefficients of variation are close to those of the assay itself ( < 10%). Despite this, between subject responses varied by greater than sixfold. In conclusion, contrary to previous reports the intravenous glucose tolerance test is highly reproducible. This makes it a very valuable tool for further studies of the pathogenesis of diabetes.
Slow metabolic decompensation over many years prior to diagnosis appears to be a feature of both Type 1 (insulindependent) and 2 (non-insulin-dependent) diabetes mellitus [1, 2] . The ability to detect reliably early changes in Beta-cell function and reserve may therefore be of major importance to understanding the pathogenesis of the disease and relevent to intervention. In both types of diabetes, impairment of the first phase insulin response to intravenous glucose (IVGTT) is one of the earliest detectable abnormalities [3, 4] ; the test has thus gained increasing importance in cross-sectional and longitudinal studies. Yet surprisingly the recent studies by Smith et al. [5] and Bardet et al. [6] are apparently the first to have examined the reproducibility of the first phase response. Both studies report poor reproducibility and concluded that appropriate restraint be exercised in the interpretation of the test. In these studies the assessment of the insulin response and its reproducibility was based on assay of venous blood samples. No steps were taken to minimise the effect of tissue extraction on the venous insulin concentrations. In this study we have examined the reproducibility of the first phase insulin response to intravenous glucose using arterialized venous blood, paying particular attention to the method of blood sampling.
Subjects, materials and methods
The study group consisted of ten healthy normal subjects, five male and five female aged 24 to 42 years (mean_+ SD; 31.7 _+ 6.4 years). None had a family history of diabetes or other autoimmune disorders and none were smokers. All subjects had a normal oral glucose tolerance, were on a normal diet and were taking no medications.
The studies were conducted between 08.00 and 09.00 hours after an overnight fast, and the subjects were asked to abstain from alcohol for the previous 24 h. The study was approved by the District Ethical Committees of the Cambridge and the East Suffolk Health Authorities.
In each subject two 1VGTT's were performed, separated by at least 2 weeks but no more than 4 months. For the test, dextrose was administered into a large antecubital vein and blood was sampled from a vein on the dorsum of the opposite hand. To arterialize the venous blood, the hand was placed h~ a water bath held at a constant temperature of 43 ~ for 10 min prior to the start of the infusion and kept there until the end of the study [7] . To ensure that only blood from the hand was sampled the vein was retrogradely cannulated. Dextrose in a 50% solution was administered in a dose of 0.3 g/kg body weight over 2 rain by constant infusion. Blood was sampled at times 0, 1, 2, 3, 4, 5, 6, 8 and 10 rain from the start of the dextrose infusion.
Plasma glucose was determined using the hexokinase method [8] which had an inter-assay coefficient of variation (CV) of 2.7%. For insulin assay, samples were collected into heparinised tubes, centrifuged at room temperature and stored at -20 ~ for later analysis. All samples from the same individual were analysed in the same assay. Insulin was assayed using a sensitive and highly specific monoclonal antibody based immunoradiometric assay and standardised against the first International Reference Preparation 66/304 [9] . The interassay CV of the assay was < 10% over the concentration range 20-476 pmol/1.
Statistical analysis
Differences between the two tests were assessed using the Wilcoxon signed rank test. Between subject variation was determined by measurement of the CV. Within subject variation was determined by two methods. For comparison with the results reported by Smith et al. [5] within subject variation was expressed as the median coefficient of variation. A more accurate estimate of within subject CV is based on the method used for paired samples [10] . In this, the SD for each pair is the difference between tests divided by the square root of 2. The combination of the estimates of the SD for all the subjects studied is a good estimate of the underlying imprecision. Thus: Where n is the number os pairs. The mean within subject CV is the mean SD divided by the mean of all the results.
Glucose changes

Results
The 3 rain insulin level (3' insulin; pmol/l) and the area under the 0-10 min curve (0-10' area; pmol. 1 1 10 min 1) were used as measures of the insulin response. The peak glucose concentration and the area under the 0-10 min For the whole group there was no difference in the mean peak glucose or mean 0-10' glucose area for the first and second tests (p > 0.3 for each), Table 1 . Between subject CVs for the peak glucose were 16.9% and 17.1% for the first and second studies, respectively; and 8.4% and 12.2% for the 0-10" glucose areas. 
CV = coefficient of variation
Within subject variation of the peak glucose expressed as median CV was 4.9% (range 2.4-9.9%). Within subject variation calculated using the second method described gives a mean CV of 6.5%. Within subject variation of the 0-10' glucose area expressed as median CV was 4.7% (range 1.5-15.7% ) and mean CV of 8.5%.
First phase insulin response
The graphs in Figure 1 show the individual insulin responses. Three min insulin values and 0-10' insulin areas are shown in Table 1 . For the whole group 3" insulin (262 and 263pmol/1) and 0-10" areas (1586 and 1663 pmol. 1-1.10 min-1) were not significantly different when study i and 2 were compared; p > 0.3 for both.
The between subject CV for the 3' value was 42% and 40% for studies i and 2, respectively. Between subject CV for the 0-10' insulin area was 50% for each of the studies.
Within subject variation expressed as median CV (range) was 4.0% (1.2-24.3%) for the 3' value and 6.7% (1.7-18.8%) for the 0-10' insulin area. When expressed as mean CV using the method based on duplicates the figures were 10.5% for the 3' value and 8.8% for the 0-10" insulin.
Discussion
This study shows that the within subject first phase insulin response to intravenous glucose is highly reproducible in normal subjects. These findings contrast with those of Smith et al. [5] and Bardet et al. [6] who found poor reproducibility. In the study of Smith et al., of the four different methods used to estimate insulin response, the 0.10' insulin area gave the smallest median CV. Nevertheless, this was still unacceptably large; 22% (range 3-55% ). Bardet et al. found the sum of the 4 and 5 min insulin levels (timed from the end of the infusion) gave the lowest within subject CV. This was also unacceptably high at 29%. In comparison in the present study the median within subject 633 CVs for the 3' insulin and insulin areas were 4.0% (range 1.2-24.3%) and 6.7% (range 0.%18.8%), respectively.
Because of the very rapid rise and fall in insulin concentrations (Fig. 1 ) slight errors in timing or reduced venous blood flow (due to stress-induced vasoconstriction, partial venous obstruction by antegrade cannulation or venous compression by the fixing tape) may have substantial effects on the reproducibility. We believe that the improved within subject variability of the present study can be explained by the use of arterialized venous blood, retrograde venous cannulation of hand veins and meticulous timing of the sampling intervals. Heating the hand skin to 43 ~ results in a substantial increase in blood flow due to a direct effect on the blood vessels and the opening of arterio-venous anastomoses. The decreased transit time minimises the effect that tissue insulin extraction would otherwise have on the insulin concentration of the venous blood. To ensure that only arterialized blood was sampled, hand veins were used and the cannula was inserted retrogradely to avoid drawing blood from proximal veins draining deeper unheated tissues such as forearm muscle.
In all except one subject (TW - Fig. 1 ) peak insulin responses occurred at or between the second and fourth min. This subject was very stressed during both IVGTTs as suggested by pale cold sweaty skin. Despite the measures to induce high skin blood flow, blood could only be drawn very slowly from the vein suggesting reduced hand blood flow. The increased microvascular tissue transit time could explain the apparently poor insulin response.
In this study we have used a highly sensitive and specific assay for insulin. We do not think that the improved results are related to the assay, as the precision for our assay is similar to the precision quoted by both Smith et al. [5] and Bardet et al. [6] in their studies. In addition samples from the present study were kindly analysed by the laboratory involved in the study by Smith et al. Using their assay they confirmed the good within subject reproducibility (personal communication).
Smith et al. [5] used a fixed dose of 25 g of dextrose. This would not affect the within subject variation as the same dose is used in the two tests, however it may explain why a large between subject variation in the glucose areas was found (27% for each of the two IVGTT's). We have used a weight-dependent dose assuming that the blood volume and hence glucose concentration would be related to body weight. This gave a better between subject variation in the glucose areas (8.4% and 12.2% for the two IVGTTs). Bardet et al. also used a weight dependent dose but did not report on the reproducibility of the glucose changes.
Despite achieving similar plasma glucose challenges in the different subjects, between subject insulin responses were still extremely variable, insulin areas and 3' insulin values differing as much as five-to six fold. What determines this large variation in response is a matter of further research.
In conclusion, using the methods we have described, the first phase insulin response is highly reproducible. The use of this test in prospective studies in high risk groups may allow early identification of those who would benefit from early intervention.
